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INTRODUCTION
High accuracy and precision measurements of trace gases in the atmosphere allow us to investigate transport of air masses. In the stratosphere (10- These heat sinks transfer 1he heat to the electronic chassis bottom and from there a 2.5cm aluminum bar connects to a radiation panel that also serves as a physical protection at landing.
Optical Design
The two channels each have their own laser, optics and detectors. Both channels have the same layout and are separated vertically.
Only one is shown in Figure  1 ; We deliberately detune the temperature by as much as 0.3 K to check for laser mode breaks close to our desired lines and tune the set points to be centered between them. With a 3 cm long germanium etalon we monitor the frequency tuning of the laser and found it to be linear to better than I percent, which allows us to derive the frequency axes of our spectra by simply using the spacing of two line absorptions in the reference cell.
Data Analysis
After recovery of the flash disk from the instrument we analyze the data off-line. Telemetry data are used for first looks and could be used as a fall back in case of a catastrophic landing. In a first step the 2f spectra are gain normalized and divided by the corresponding direct spectra. For frequency calibration we use spectra from the reference cells. Direct fits of the second harmonic component of a sine modulated Voigt function are applied to the preprocessed spectra using the non-linear Marquardt-Levenberg algorithm'. This method is smoothly varying between an inverse-Hessian (close to the minimum) and steepest descent (far from the minimum). We fit a total of 7 parameters: the line position, slope and offset of the baseline, number density, Lorentz and Doppler width and the modulation amplitude. A typical spectrum and fit is shown in Figure 3 . We found that we could reduce the sensitivity to residual fringe patterns in the spectra by fixing both Lorentz and Doppler width. We calculate the Lorentz width from the measured pressure using the pressure broadening parameter from the HITRAN 96 spectroscopic database. For the Doppler width we use the mean value found by fitting the reference second harmonic spectra. In the postproeessing fits with too large chi square, too high number of iterations, too small signal to fringe ratio, or spectra with a hil,h laser temperature change relative to the preceding spectrum are omitted from the final data. The algorithm is implemented ir_ Interactive Data Language (IDL TM) and run on a Silicon Graphics workstation. 
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Results
Argus has been deployed on the OMS payload out of Fort Sumner, NM, on 960610, 960921 and 980518 (format YYMMDD), Juazeiro do notre, Brazi!, on 970214, 971111 and 971120, and Fairbanks, AK, on 970630. Data representing tropical data from Brazil, mid-latitude from Fort Sumner and high latitudes from Alaska are shown in Figure 4 . The profiles are not very smooth, but have thin laminae (thickness less than 1 km) with depleted N,O and CH,. In the Arctic, these laminae have been attributed to remnants of the polar vortex which broke up more than 2 month earlieP. In the tropical data, the laminae are recent intrusions of mid-latitude air and their age can be estimated fi'om the ozone recovery to typical tropical values at the observed altitudes'. In Table I an overview of the error budget is shown for 980518.The largest contribution is from the pressure transducer (accuracy: 1% of full scale (130mbar)) and can be up to 16% at 8 mbar, but of course decreases rapidly with increasing pressure. "The calibration slope is determined from the pre-and post-flight laboratory calibration runs. For channel 2 we had a discrepancy in the two calibrations slopes and this reflected in the higher percentage error. Gamma d reflects the uncertainty in the Gau:;sian line width contribution from the instrument. In November 98 we flew ATLAS and
Argus together on the ER-2. Argus was run in a slightly different mode than on the balloon: For the signal second harmonic we co-added only 20 ramps before storing them, hence increasing the data rate to 0.5 Hz. The in-flight calibration system was not easily adaptable for the ER-2 and hence not used. From the preliminary data analysi,;, we found that Argus currently has a 1% precision in flight at 50 mbar for 2s data and 0.6% for 10s data. From the differences to ATLAS we estimate the current accuracy at 50 mbar was 4-5%. A flight segment with data from Argus and ATLAS is shown in Figure 5 . 
Future Modifications and Plans
Our next field mission will be aboard the NASA ER-2 airplane during the NASA SAGE Ozone Loss and Validation Experiment (SOLVE). We plan to permanently adapt Argus for the ER-2 by changing the heat management to a forced air, convective cooling system. We will improve some key electronic components in the harmonic detection to reduce electronic noise. The laser temperature stability will be increased by switching from diode sensors to resistive elements and therefore reducing the temperature noise due: to the AM detection by the diodes of high frequency signals radiated by the digital electronics.
A major improvement of the precision down to 0.5% is expected by using a 36 m astigmatic Herriott cell, essentially doubling the path length Further we will improve the data analysis for the aircraft environment, and increase the data rate to 0. flight track (Fig. 3) (Fig. 6) (20) . The results show that the maximum NAT particle ,._ze that could be found at ER-2 cruise altitudes (50 to 70 h.Pa) is near 20 Ixm in diameter %r average HNO 3 values observed above ER-2 altitudes in midJanuary (7 to 9 ppbv) (26). This maximum size is consistent with the NO,, observations (Fig. 4) Similarly, a 2 K increase _n temperature reduces the particle diameter by <10%. Particle sizes >22 p.m can ont, be produced with a uniform abundance of >10 ppbv HNO 3 above the aircraft, which is greater than that observed in January to IHarch 2000. These and larger particles were therefore unlikely to be found at or above a 6(1-hPa pressure altitude (_ 19 km). extends down to the higllest pressure shown (150 hPa). The so(id curves indicate the constant HNO 3 mixing ratio and t_mperature values in the model that will produce the indicated particle diameter at a given press_re [eve[ (vertical axis). The horizontal dashed line is the ER-2 pressure teve( for sampling interva 2 in Fig. 2 . NAD particles grow more slowly than NAT particles for the same HNOj partial pressJre and, hence, would grow to smaller :dzes (_20% less) for the same atmospheric conditions. to the third question, as to ho,v particles form in the lower stratunote that NAT panicles above 11} iameter found between 16 and 21 kan their growth and sedimentation at ially higher altitudes.
The altitude is a function of growth rate an.t velocity. To demonstrate ho_, ! particle sizes in Fig. 4 evolved afte_ On, we calculated sedimentation tra.
backward in time for panicles observed in interval 2 (Fig. 5) Growing panicles are adverted by atmospi_eric winds and, hence, will be transported i_orizontally and vertically while they grawtationally sediment. The trajectory calculations take into account air parcel advection simultaneously with particle growth and sedimentation. The time evolution of panicle size, pressure altitude, temperature, and NAT supersaturation ratio for particlc sizes between 6 and 18 ixm in diameter shows several important features (Fig. 5) were significantly smaller than the mean size found In interval 2 (Fig. 2) . The results of a 
Time (days) The trajectories terminate where the particle diameter reaches zero, The trajectories were calculated by supenmposing the particle vertical displacements due to sedimentation onto isentropic trajectories calculated with analyzed winds from the European Centre for Medium-Range Weather Forecasts An HzO mixing ratio of S ppmv and an HNO] mixing ratio of 7 ppbv were assumed, the latter being consistent with remote sounding observations (7 to 9 ppbv averaged above ER-2 altitudes) in mid-january 2000 (26) Temperatures remain above ice saturation for all particles. Particles with diameters greater than _18 p.m (or 20 p.m at 9 ppbv HNO]] had diameters greater than zero at the point where their trajectories exceeded the NAT equilibrium temperature and, thus, could not be present in interval 2 if growth began at the zero-size timit. (Fig. l) 
Results and Discussion
In situ measurements of NOy, by catalytic reduction/chemiluminescence [Fahey et al., 1989b] , and nitrous oxide (N20), by Janumy and mid-March, at altitudes from 17 to 21 kin, and for N20 levels between 40 and 170 ppbv (Fig. la) . All air masses observed with N20 levels less than 125 ppbv (encountered on 10 of 11 ER-2 flights) were denitrified.
The most severely denimfled air masses showed residual NO), levels (NO), remaining in a denitrified air mass) of less than 3 ppbv, resulting from more than 80% of the NOy being removed. Data points above the NO),* reference line in Fig. la 
_1,"6 r_ .
• _16Ll and 21 km, indicate that more than 60% of the expected NOy was removed from air masses sampled at equivalent latitudes between 70* and 85" N (black symbols in Fig. 2a) . The most severely denitrified air masses, with more than 80% of the expected NOy removed, were observed poleward of 73" N. Negative values in A vertical profile of denitrification in the 1999-2000 Arctic stratosphere reveals that NOy removal was most intense in the vortex core at altitudes of 20-21 km (blue symbols in Fig. 3 
